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ABSTRACT 

Heavy metals have long been used in industry, but their potentially detrimental presence in the 

environment is becoming increasingly recognized. Heavy metals added to the environment have the 

potential to bioaccumulate in freshwater organisms. Channel catfish (Ictalurus punctatus) and yellow 

perch (Perca flavescens) are commonly caught and consumed species found in the Lake Macatawa 

Watershed of Ottawa and Allegan County, Michigan. Little is known about their potential to accumulate 

heavy metals. Cadmium, lead, iron, and copper are metals commonly used in industry and agriculture. 

Hypothesized sources include agricultural fertilizers, marine paints, deposition on roadways, and the 

burning of fossil fuels. In order to quantify their potential for bioaccumulation, 5 catfish and 17 perch 

were caught at various locations within the Lake Macatawa watershed. Their tissue was subsequently 

digested and analyzed using Flame Atomic Absorption Spectroscopy. Because we do not know the exact 

water content in the muscle tissue, we have reported dehydrated, low, and high water content 

concentrations. Low water content concentrations of cadmium and lead were highest in yellow perch with 

averages of 1.269 ppm and 4.222 ppm respectively. Iron and copper low water content concentrations 

were greater in channel catfish at 17.732 ppm and 5.162 ppm respectively. Comparisons of low water 

content concentrations with WHO/FAO recommended values found cadmium to exceed the permissible 

limit in channel catfish by 0.69 ppm. Lead and cadmium in yellow perch similarly exceeded permissible 

limits by 3.22 ppm (Pb) and 1.07 ppm (Cd).  

______________________________________________________________________________ 

 

INTRODUCTION 

Relevance  
The Lake Macatawa Watershed of 

Ottawa and Allegan Counties, Michigan 

provides 110,000 acres of freshwater habitat for 

channel catfish (Ictalurus punctatus) and yellow 

perch (perca flavescens) to thrive. Lake 

Macatawa is the largest body of water within the 

watershed and is located along the southeastern 

shore of Lake Michigan, less than a mile from the 

streets of Downtown Holland, Michigan - a 

popular summer destination and home to 

approximately 33,366 residents (Holland, 

Michigan Population 2019). Holland residents 

are highly dependent on Lake Macatawa for both 

recreation and livelihood, frequently catching 

both channel catfish and yellow perch for sport 

and consumption. The latter raises concern, as 

there has been no previous published research 

regarding the potential of consumed species to 

accumulate dangerous concentrations of heavy 

metals.  

A previous unpublished study by Hope 

College analyzed variations in lead 

concentrations in round goby (Neogobius 

melanostomus) throughout Lake Macatawa and 

found lead concentrations to be significantly 

higher in marinas compared to other localities 

(Blogin et al. 2013). Aside from this study, no 

work has been done to monitor the presence of 

heavy metals in different fish species within Lake 

Macatawa. This study aims to expand on their 
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results in order to bridge the gap between resident 

awareness and scientific concerns.   

 

Potential Anthropogenic Sources of Cd, Pb, 

Cu, and Fe 
Cadmium exists naturally in ecosystems 

as a trace element, but the addition of excess 

cadmium from anthropogenic sources can prove 

extremely toxic (Parvau, 2010). Its excess 

presence can be attributed to a variety of sources 

including by-products from zinc refining, coal 

combustion, mine wastes, electroplating 

production, iron and steel production, pigments, 

fertilizers, and pesticides (Parvau, 2010). 

Atmospheric deposition is the main avenue by 

which cadmium directly enters water sources. 

The primary culprits of atmospheric cadmium 

are non-ferrous metal smelters and the use of coal 

for combustion (Parvau, 2010). Lead may enter 

our environment through natural or 

anthropogenic means. Major contributors of 

naturally occurring lead to the environment are 

volcanic emissions, sea salt spray, and forest fires 

(Aoki et al., 2017). Of greater relevance is the 

common use of lead as a stabilizer and pigment 

in antifouling paint (Johnsen and Engoy, 1999). 

Antifouling paint is often used on boats which 

could contribute to increased lead concentrations 

in the Lake Macatawa Watershed. Potential 

sources of copper in a suburban Minnesota lake 

were attributed to the combustion of copper-

containing coal, deposition on roadways by cars, 

combustion of gasoline, and as a wood 

preservative (Rice et al., 2002). Deposition on 

roadways would cause an influx during storm 

events and may not be a consistent source but use 

as a wood preservative on docks could serve to 

add excess copper to the Lake Macatawa 

Watershed. Likewise, iron’s presence in aquatic 

ecosystems due to anthropogenic addition is 

attributed to agriculture, wastewater from 

drainage ditches, or industry (Xing and Liu 

2017).  

 

 

 

METHODOLOGY  
Sites of Study  

Fish were obtained from Lake Macatawa 

and the Macatawa River in Holland, Michigan 

(Ottawa County). Sites were chosen based on 

their hypothesized difference in potential 

anthropogenic sources of heavy metals. The 

following sites were sampled from within Lake 

Macatawa: Howard B. Dunton Park (42.7959, -

86.1205), Holland State Park (42.7746, -

86.2005), Kollen Park (42.7883, -86.1234), 

Anchorage Marina (42.7920, 86.1861) and a 

public boat ramp (42.7717, -86.1952). Samples 

were obtained from a singular location along the 

Lake Macatawa River: Windmill Island 

(42.7997, -86.0979).  

 

Sample Collection 
Fish were obtained through classic line 

fishing utilizing both chicken liver and worms 

(night crawlers) as bait. Chicken liver was 

specifically used to attract catfish. Due to the 

timing of sample collection, early to late fall, as 

many fish as possible were caught at each 

location. Once caught, fish were immediately 

measured, killed, and fileted. Samples were 

rinsed with RO water to clean from handling and 

placed in labeled plastic bags for storage in a 

cooler. Samples were subsequently transferred to 

a freezer at the A. Paul Schaap Science Center for 

keeping until researchers were ready for 

processing.  

A total of 17 perch were caught at 5 of the 

different locations: Howard B. Dunton Park, 

Anchorage Marina, Holland State Park, Kollen 

Park, and Windmill Island, while a total of 5 

catfish were caught at 4 of the locations: Kollen 

Park, Howard B. Dunton Park, Anchorage 

Marina, and the public boat ramp. 

Sample Processing  
The previously frozen muscle tissue 

samples were removed from the freezer and 

allowed to thaw at room temperature. Once 

thawed, each sample was placed in its own clean 

crucible for transfer to the drying oven. Samples 

were dried in a precision oven at 65˚C and 
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weighed intermittently to ensure a constant 

weight was reached prior to removal. Following 

drying, 1 gram of each sample was separated 

using cleaned scalpels and placed in a cleaned, 

labeled test tube. Drying was necessary to 

remove any residual water present in the tissue.  

 

Sample Digestion 
Heat assisted nitric acid digestion was 

completed via mineral oil heat baths. Mineral oil 

baths were utilized to ensure even heating 

throughout the entirety of each sample. The 

mineral oil (Dow Corning 550) was poured into 

2-800 mL beakers atop of Fisher-Scientific 

heat/stir plates, and chicken-wire supports were 

added, sitting approximately 5 cm above stir 

bars. 10 ml of concentrated HNO3 (analytical 

grade 69%) was added to the previously massed, 

1-gram samples of fish tissue in labeled test 

tubes. Twenty-two test tubes were split between 

the two beakers and placed into the chicken wire 

supports within the mineral oil bath. A watch 

glass was placed over the top of the test tubes to 

prevent evaporation. Samples were digested at 

40˚C for 2 hours and gradually brought to a boil. 

Digestion of tissue continued at a slight boil 

(~85˚C) for approximately 5 hours, stirring with 

glass stir rods until samples were fully dissolved. 

Samples were then removed from the mineral oil 

bath and allowed to cool to room temperature. 

The previous and the following methodology 

were adapted from Ranasinghe et al. (2016). 

Following digestion, samples were 

filtered using 0.45-micron syringe filters into 15 

mL of double distilled water for effective 

dilution. The diluted samples were filtered a 

second time utilizing Whatman No. 1 grade filter 

paper. A simple gravity, pour-through method 

was employed. Samples were filtered into 

scintillation vials in preparation for analysis.  

 

Sample Analysis 
Iron (Fe), lead (Pb), copper (Cu), and 

cadmium (Cd) levels were analyzed in the 22 

filtered samples of muscle tissue using Flame 

Atomic Absorption Spectroscopy. Standards 

were made to accommodate for the lowest 

detectable limits of our desired metals, and all 

standards were prepared in RO water. Standard 

AAS operations were followed.  

 

RESULTS 

Concentration Calculations and Data 
A linear calibration curve from a Beer’s 

Law plot was used to convert the raw AAS 

absorbance data from each sample into a 

concentration. The resulting heavy metal 

concentration was for the nitric acid solution, 

thus each concentration was multiplied by a 

dilution factor to obtain the concentration of the 

dissolved sample. A dilution factor equation 

from Olaifa et al. (2004) was used in this 

calculation. 

 

Dilution Factor = (V)/(M) 

 

V  = volume of solvent (mL)  

M = dry mass of sample (g) 

 

The heavy metal concentrations from these 

calculations are shown in Tables 1 and 2. They 

represent the concentration of each analyte in the 

dehydrated muscle tissue of yellow perch and 

channel catfish.  The relative standard deviation 

of each measurement was given by the AAS with 

every absorbance reading. This was used to 

calculate the error in the measurement. Each 

error is listed beside its corresponding 

concentration.  

To serve as a reference, the WHO highest 

permissible level for each heavy metal, as 

reported by Tiimub and Afua (2013), is shown in 

Table 3. We are uncertain if these levels are for 

the dry or wet mass of the muscle tissue. These 

details are not specified by Tiimub and Afua 

(2013), and we could not find the source they 

were referring to. Nonetheless, no other 

recommended levels were found from a reliable 

source. To investigate how the water content in 

muscle tissue may impact our results, our 

concentrations were adjusted. 
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To convert the dry mass concentration to 

a wet mass concentration, the mass of water in 

the muscle tissue must be known. Because this 

data was not collected in our sample preparation, 

the amount of water in each sample had to be 

derived from another source. Cresson et al. 

(2017) has reported the water content in fish 

muscle tissue as the ratio of wet:dry weight. 

While they did not study channel catfish or 

yellow perch, it was recognized that the typically 

accepted wet:dry ratio of 5 was higher than the 

actual ratio in 10 of the 16 species they studied. 

In the study, the wet:dry ratio amongst 16 fish 

species was found range from 3.62 +/- 0.33 to 

5.51 +/- 0.44.  

To convert our calculated concentrations 

from dry to wet, the following calculation from 

Cresson et al. (2017) was used.  

 

Cw = Cd /  (w:d) 

 

Cw = theoretical conc. of wet sample (ppm) 

Cd = conc. of dry sample (ppm) 

w:d = ratio of wet to dry mass (unitless) 

 

The water content in the fish muscle tissue was 

not known in this study, so the theoretical wet 

concentrations were calculated using values from 

Cresson et al. (2017). We decided to use the full 

range of their wet:dry ratio, because we aimed to 

determine the possibility of exceedingly high 

heavy metal concentrations across the entire 

range of their water content. The results of these 

calculations for channel catfish are shown in 

Tables 4 and 5 and for yellow perch in Tables 6 

and 7. The 3.62 wet:dry ratio was referred to as 

low water content muscle tissue, and the 5.51 

ratio was referred to as high water content muscle 

tissue. 

 

Data Analysis 
          The calculated heavy metal 

concentrations were plotted against their sample 

location and the length of the fish to determine if 

these factors may affect their values. Figures 1 

and 2 show the relationship between low water 

content concentration and sample location, and 

Figure 3 shows the relationship between low 

water content concentrations and the length of 

the fish. Within each of these plots, the 

relationship between the heavy metal 

concentration and the WHO recommended levels 

can also be observed. Table 8, 9, and 10 show 

side by side comparisons of the WHO/FAO 

highest permissible levels and the average 

analyte concentration in dehydrated, low water 

content, and high water content fish samples. 

 

DISCUSSION  
Although anthropogenic sources are still largely 

undetermined, heavy metals were determined to 

be present in all 22 samples of fish muscle 

tissues. Each of the heavy metal concentrations 

reported in the following sections were derived 

using the theoretical low water content 

calculation. 

 

Species Comparison of Cadmium (Cd) Levels  
Channel catfish cadmium levels averaged 

0.892 ppm (for 5 samples) . The lowest 

concentration of 0.23 ppm was obtained from 

Howard B. Dunton Park, and the highest 

concentrations of 1.22 ppm were from the 

Anchorage Marina and Public Boat ramp (Table 

4). Cadmium levels were slightly higher in 

yellow perch tissue with an average of 1.269 ppm 

(for 17 samples). The lowest concentration of 

0.88 ppm and the highest concentration of 1.72 

ppm were found at Howard B. Dunton Park 

(Table 6). Cadmium concentrations were above 

the 0.2 ppm recommended level in every sample 

that was tested.  

 

Species Comparison of Lead (Pb) Levels  
Concentrations of lead in the five channel 

catfish averaged 0.686 ppm. The highest 

concentration of 0.92 ppm was found at 

Anchorage Marina, while the lowest of 0.48 ppm 

came from the Public Boat Ramp located across 

Lake Macatawa (Table 4). Moreover, lead levels 

in yellow perch ranged from below detectable 

limits at Windmill Island to 6.99 ppm at Howard 
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B. Dunton Park. Concentrations of the 22 

samples averaged to 4.222 ppm with those below 

detectable limits normalized to 0 (Table 6).   

The boat traffic in the river behind 

Windmill Island is nonexistent or negligible 

relative to the boat traffic on Lake Macatawa. 

Because there was no detectable lead in the 

yellow perch from Windmill Island and there was 

a high concentration of lead in the yellow perch 

from Lake Macatawa, our hypothesis that lead 

can be sourced back to antifouling paint on boats 

may be correct (Johnson and Engoy 1977). 

Lead concentrations in perch from Lake 

Macatawa were above the 1 ppm highest 

permissible level established by the WHO and 

FAO. The highest lead concentration in catfish 

was only 0.08 ppm below this level. As 

mentioned, there was no lead detected in the 

yellow perch at Windmill Island. 

 

Species Comparison of Copper (Cu) Levels  
Copper levels in channel catfish ranged 

from 15.12 ppm to 19.94 ppm at Anchorage 

Marina and Howard B. Dunton Park 

respectively. Concentrations averaged 17.732 

ppm within the 5 samples (Table 4). Copper 

levels in yellow perch maintained a slightly 

lower average of 15.28 ppm. The highest 

concentration of 18.75 ppm was found at 

Windmill Island and the lowest concentration of 

12.98 was found at Howard B. Dunton Park 

(Table 6). All of the copper concentrations were 

below the WHO/FAO recommended levels. 

 

Species Comparison of Iron (Fe) Levels  
Concentrations of iron in low water 

content muscle tissue of 5 channel catfish 

samples averaged 5.162 ppm with a high of 6.49 

ppm at Anchorage Marina and a low of 2.51 ppm 

at the Public Boat Ramp (Table 4). Yellow perch 

concentrations exhibited much more variation, 

ranging from 0.06 ppm to 6.91 ppm at Windmill 

Island and Kollen Park respectively. The average 

concentration of the 17 samples was 2.979 ppm 

(Table 6). Each of the fish sampled were 

significantly below the 43 ppm standard for iron.  

 

Summary of Theoretical Low Water Content 

Concentrations and WHO/FAO Permissible 

Levels  
While we are not certain if the 

WHO/FAO recommended levels for heavy 

metals in fish muscle tissue are for the wet or dry 

mass of the tissue, the concentration values we 

report are from the low water content 

concentration calculation. The highest 

permissible levels for lead, cadmium, copper, 

and iron are 1.0, 0.2, 40, and 43 ppm 

respectively. Concentrations of cadmium found 

in channel catfish exceed the recommended 

values by 0.69 ppm, while concentrations of lead, 

copper, and iron all fall below recommended 

limit. Yellow perch average concentrations of 

both lead and cadmium exceed the permissible 

values by 3.22 ppm (Pb) and 1.07 ppm (Cd). 

Concentrations of copper and iron in yellow 

perch fall below the highest permissible limit.  

 

Relationship between Heavy Metal 

Concentration and Fish Length 
The importance of the relationship between fish 

length and heavy metal concentration can be seen 

from a human health perspective. If it is found 

that smaller fish have less heavy metal content 

then larger fish, it stands to reason that fisherman 

aiming to consume their catch should target 

smaller fish. For most analytes in this study, the 

length of the fish did not appear to have any clear 

relationship with the concentration of heavy 

metals in the fish. However, an exception to this 

observation may be the cadmium concentration 

in channel catfish.  

As shown in Figure 3, cadmium 

concentrations appear to increase with increasing 

length of fish for the first four fish. This is an 

important relationship to recognize, because 

cadmium was one of the metals which exceeded 

the highest permissible limit. More fish are 

needed to prove this relationship. 

This study does not provide enough data 

to safely claim that there is a direct relationship 

between fish length and heavy metal 
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concentration, because there are only five catfish 

and seventeen perch. Also, the fish were obtained 

from various locations throughout the watershed, 

and thus some may have had more heavy metal 

exposure than others. Despite these 

considerations, this study has shown that there 

may be a correlation between the length of 

channel catfish and the concentration of 

cadmium in the muscle tissue. The shortest 

channel catfish had cadmium levels which were 

just above the recommended level, and the longer 

channel catfish had cadmium concentrations 

which significantly higher. If it can be proven 

that smaller channel catfish are below or closer 

to the safe levels than larger catfish, fishermen 

can be informed and reduce their cadmium intake 

by harvesting smaller fish.   

 

Comparison of Results between This Study and 

Blogin et al. (2013) 
Lead was the mutual analyte between this 

study and the work of Blogin et al. (2013). 

Concentrations of lead in fish cannot be directly 

compared to this prior work as they analyzed a 

different species of fish, we are unaware if they 

used the dry or wet weight of the fish, they 

employed a different conversion equation to 

convert from AAS absorbance to concentration, 

and the entirety of the fish were analyzed rather 

than strictly the muscle tissue. Despite all these 

differences in methodology, it is possible to 

compare general trends between the lead 

concentrations and mutual sample localities. 

Blogin et al. (2013) reported significantly higher 

lead concentrations in marina sites then in 

nonmarina sites, with marina sites having an 

average concentration 69% greater. In this study, 

no significant difference was observed between 

marina and nonmarina locations. However, we 

did find that the perch from Windmill Island had 

no detectable lead in their muscle tissue, while 

perch from Lake Macatawa had higher lead 

levels.  

Another correlation observed by Blogin 

et al. 2013 was a positive relationship between 

the length of the fish and the concentration of 

lead. While the small sample size may have 

contributed to our results, there was only one 

potential relation between fish length and heavy 

metal concentration was observed. This was 

observed in cadmium concentrations in channel 

catfish. While there are only five data points to 

base this observation off of, it appears that there 

is a positive relationship between cadmium 

concentration and the length of catfish. 

 

Potential Sources of Error 
Starting with error induced by our 

methodology, we were unable to measure the 

mass of water in each fish sample prior to 

dehydration. This is a result of an unknown mass 

of remnant RO water on each fillet following 

their rinsing, and thus minor inconsistencies 

between samples. As a result, some water 

contents may have been significantly higher than 

they should have been. To compensate for this, 

we used experimentally determined water 

contents for different fish species. While the 

resulting concentration values do provide a good 

representation of where the concentrations may 

be, they are only theoretical values.  

 We are also uncertain if the WHO/FAO 

recommended values are correlated with the wet 

or dehydrated mass of the fish. As a result, we do 

not know to what degree some of the metals are 

exceeding the highest permissible levels. We do 

however reason that cadmium and lead in most 

samples are above the recommended levels, 

because most samples have a higher 

concentration in the high water content model 

(shown in Table 10).  

 The small sample size prevents any 

definitive correlations to be made. Despite this, 

we are confident that cadmium and lead are the 

greatest threat to the safe concentration levels 

and that yellow perch generally have more lead 

in their muscle tissue than channel catfish.  

 

Future Work 
The first objective in the future work 

agenda would be to obtain a larger sample size. 

Correlations between heavy metal concentration 
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and both the sample location and the length of 

fish cannot be made with certainty until there are 

more data points. It would also be beneficial to 

catch fish with a greater range in length and to 

also record the weight of the fish. Another factor 

that could be tested would be to sample fish 

throughout the year and determine if the heavy 

metal concentrations fluctuate. Lastly, we would 

like to catch more fish in river locations to 

strengthen our preliminary result that lead 

concentrations in fish muscle tissue from river 

locations are much lower than those in lake 

locations. Future work could serve to determine 

the optimal location, length and weight, and time 

of year for catching yellow perch and channel 

catfish in order to advise residents for 

consumption on the smallest risk of exposure to 

heavy metals.  

To obtain more definite concentration 

values, future work could involve researching 

methods to accurately record the mass of water 

in muscle tissue, and implementing them into the 

calculations. This is an important step in proving 

some heavy metal levels are above the 

WHO/FAO recommended levels, because as of 

now only theoretical concentrations have been 

calculated.  

 

CONCLUSIONS 
Between the four heavy metals targeted 

in this study cadmium and lead were the only two 

to exceed the WHO/FAO highest permissible 

levels, based on the assumption that it is based on 

wet weight. There did not appear to be any 

significant variance in concentrations of heavy 

metals amongst fish of the same species across 

the lake, and some locations had very wide 

ranges in concentrations while others were 

narrower. The average concentrations of lead and 

cadmium in yellow perch were higher than those 

of catfish. The standard deviations of cadmium, 

copper, and iron overlapped in yellow perch and 

channel catfish, but the lead concentration was 

significantly greater in yellow perch than in 

channel catfish.  

While there were no definitive trends in 

the heavy metal concentration and length plots, 

preliminary results suggest that cadmium 

concentrations may be positively related to the 

length of catfish.  
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Location Sample 

# 

Cd Error Pb Error Cu Error Fe Error 

Dunton Park 1 0.83 0.21 3.21 0.17 72.18 2.02 22.73 1.89 

Anchorage Marina 1 4.43 0.74 3.32 0.16 54.74 2.19 23.48 0.49 

Kollen Park 1 3.65 0.18 1.99 0.08 56.34 2.82 15.60 1.78 

Public Boat Ramp 1 2.82 0.67 1.74 0.10 66.34 3.52 22.52 1.53  
2 4.41 0.65 2.15 0.01 71.36 4.28 9.10 2.90 

Location Sample 

# 

Cd Error Pb Error Cu Error Fe Error 

Dunton 

Park 
1 6.24 2.63 25.29 0.10 55.29 2.16 9.85 0.72 

 2 3.20 1.37 20.11 0.56 49.33 1.48 2.35 2.13 

 3 3.75 0.89 23.32 0.75 50.99 3.67 11.30 1.03 

 4 3.25 1.72 19.22 0.38 46.98 1.50 18.41 0.50 

Anchorage 

Marina 
1 4.77 1.04 23.98 0.62 55.82 3.01 12.38 1.46 

 2 4.02 1.00 22.31 1.94 51.58 2.68 9.94 1.71 

 3 5.40 1.32 22.07 0.79 54.16 0.87 10.43 0.83 

Holland 

State Park 
1 3.98 0.80 19.57 0.65 51.13 2.40 20.22 3.30 

 2 5.73 1.25 20.71 0.54 57.39 2.18 16.41 0.53 

 3 4.51 0.42 18.95 0.38 59.13 2.07 7.39 3.18 

Kollen 

Park 
1 5.10 1.18 19.13 0.61 56.91 0.91 25.01 0.85 

 2 4.40 0.36 16.92 0.27 54.10 0.81 14.94 2.84 

 3 4.27 0.58 8.25 8.24 58.63 1.29 7.74 1.90 

Windmill 

Island 
1 4.63 0.88 -7.46 -1.53 60.40 1.45 12.63 2.71 

 2 4.91 1.30 -10.21 -1.10 67.88 2.99 0.23 0.23 

 3 5.61 1.62 -11.53 -0.57 57.34 2.06 1.01 1.01 

 4 4.35 0.81 -7.01 -0.32 53.49 2.51 3.13 1.17 

Channel Catfish: Heavy Metal Concentration in Dehydrated Muscle Tissue 

(ppm) 

Table 2. Shown above are the calculated concentrations of Cd, Pb, Cu, and Fe in dried yellow 

perch muscle tissue from Lake Macatawa and the Macatawa River (Windmill Island).  

Table 1. Shown above are the calculated concentrations of Cd, Pb, Cu, and Fe in dried channel 

catfish muscle tissue from Lake Macatawa.  

Yellow Perch: Heavy Metal Concentration in Dehydrated Muscle Tissue 

(ppm) 
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 Cd Pb Cu Fe 

WHO/FAO Highest 

Permissible Level 

(ppm) 

1.0 0.2 40 43 

Location Sample 

# 

Cd Error Pb Error Cu Error Fe Error 

Dunton Park 1 0.23 0.06 0.89 0.05 19.94 0.56 6.28 0.52 

Anchorage Marina 1 1.22 0.20 0.92 0.04 15.12 0.60 6.49 0.14 

Kollen Park 1 1.01 0.05 0.55 0.02 15.56 0.78 4.31 0.49 

Public Boat Ramp 1 0.78 0.18 0.48 0.03 18.33 0.97 6.22 0.42  
2 1.22 0.18 0.59 0.00 19.71 1.18 2.51 0.80 

Channel Catfish: Heavy Metal Concentration in Low Water Content Muscle 

Tissue (ppm) 

WHO/FAO Highest Permissible Levels of Each Analyte 

Table 3. Shown above are the WHO/FAO highest permissible levels for Cd, Pb, Cu, and Fe in fish 

muscle tissue, as reported by Tiimub and Afua (2013). We are uncertain if these concentrations are 

for the dry or wet mass of their analyzed tissue. 

Table 4. Shown above are the theoretical concentrations of each analyte in the yellow perch 

muscle tissue prior to dehydration. These concentrations were calculated based on the 

assumption that the ratio of wet to dry mass in the muscle tissue was 3.62. The value is the lowest 

reported ratio by Cresson et al. (2017). The lowest ratio was used to prevent an over 

approximation of the water content and thus an underestimation of each concentration.  
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Location Sample 

# 

Cd Error Pb Error Cu Error Fe Error 

Dunton Park 1 0.15 0.04 0.58 0.03 13.10 0.37 4.12 0.34 

Anchorage Marina 1 0.80 0.13 0.60 0.03 9.94 0.40 4.26 0.09 

Kollen Park 1 0.66 0.03 0.36 0.01 10.23 0.51 2.83 0.32 

Public Boat Ramp 1 0.51 0.12 0.32 0.02 12.04 0.64 4.09 0.28  
2 0.80 0.12 0.39 0.00 12.95 0.78 1.65 0.53 

Channel Catfish: Heavy Metal Concentration in High Water Content 

Muscle Tissue (ppm) 

Table 5. Shown above are the theoretical concentrations of each analyte in the channel catfish 

muscle tissue prior to dehydration. These concentrations were calculated based on the 

assumption that the ratio of wet to dry mass in the muscle tissue was 5.51, a high water content. 

The value is the high reported average ratio by Cresson et al. (2017).  
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Location Sample 

# 

Cd Error Pb Error Cu Error Fe Error 

Dunton 

Park 
1 1.72 0.73 6.99 0.03 15.27 0.60 2.72 0.20 

 2 0.88 0.38 5.55 0.16 13.63 0.41 0.65 0.59 

 3 1.04 0.25 6.44 0.21 14.09 1.01 3.12 0.28 

 4 0.90 0.48 5.31 0.11 12.98 0.42 5.09 0.14 

Anchorage 

Marina 
1 1.32 0.29 6.62 0.17 15.42 0.83 3.42 0.40 

 2 1.11 0.28 6.16 0.54 14.25 0.74 2.74 0.47 

 3 1.49 0.37 6.10 0.22 14.96 0.24 2.88 0.23 

Holland 

State Park 
1 1.10 0.22 5.41 0.18 14.13 0.66 5.59 0.91 

 2 1.58 0.35 5.72 0.15 15.85 0.60 4.53 0.15 

 3 1.24 0.12 5.24 0.10 16.34 0.57 2.04 0.88 

Kollen 

Park 
1 1.41 0.33 5.28 0.17 15.72 0.25 6.91 0.23 

 2 1.22 0.10 4.67 0.07 14.94 0.22 4.13 0.78 

 3 1.18 0.16 2.28 2.28 16.20 0.36 2.14 0.52 

Windmill 

Island 
1 1.28 0.24 -2.06 -0.42 16.69 0.40 3.49 0.75 

 2 1.36 0.36 -2.82 -0.30 18.75 0.83 0.06 0.06 

 3 1.55 0.45 -3.19 -0.16 15.84 0.57 0.28 0.28 

 4 1.20 0.22 -1.94 -0.09 14.78 0.69 0.86 0.32 

Yellow Perch: Heavy Metal Concentration in Low Water Content Muscle 

Tissue (ppm) 

Table 6. Shown above are the theoretical concentrations of each analyte in the channel catfish 

muscle tissue prior to dehydration. These concentrations were calculated based on the assumption 

that the ratio of wet to dry mass in the muscle tissue was 3.62. The value is the lowest reported 

average ratio by Cresson et al. (2017). The lowest ratio was used to prevent an over 

approximation of the water content and thus an underestimation of each concentration.  
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Location Sample 

# 

Cd Error Pb Error Cu Error Fe Error 

Dunton 

Park 
1 1.13 0.48 4.59 0.02 10.03 0.39 1.79 0.13 

 2 0.58 0.25 3.65 0.10 8.95 0.27 0.43 0.39 

 3 0.68 0.16 4.23 0.14 9.25 0.67 2.05 0.19 

 4 0.59 0.31 3.49 0.07 8.53 0.27 3.34 0.09 

Anchorage 

Marina 
1 0.87 0.19 4.35 0.11 10.13 0.55 2.25 0.27 

 2 0.73 0.18 4.05 0.35 9.36 0.49 1.80 0.31 

 3 0.98 0.24 4.01 0.14 9.83 0.16 1.89 0.15 

Holland 

State Park 
1 0.72 0.15 3.55 0.12 9.28 0.44 3.67 0.60 

 2 1.04 0.23 3.76 0.10 10.42 0.40 2.98 0.10 

 3 0.82 0.08 3.44 0.07 10.73 0.38 1.34 0.58 

Kollen 

Park 
1 0.92 0.21 3.47 0.11 10.33 0.17 4.54 0.15 

 2 0.80 0.06 3.07 0.05 9.82 0.15 2.71 0.52 

 3 0.77 0.11 1.50 1.50 10.64 0.23 1.41 0.34 

Windmill 

Island 
1 0.84 0.16 0.00 0.00 10.96 0.26 2.29 0.49 

 2 0.89 0.24 0.00 0.00 12.32 0.54 0.04 0.04 

 3 1.02 0.29 0.00 0.00 10.41 0.37 0.18 0.18 

 4 0.79 0.15 0.00 0.00 9.71 0.46 0.57 0.21 

Yellow Perch: Heavy Metal Concentration in High Water Content Muscle 

Tissue (ppm) 

Table 7. Shown above are the theoretical concentrations of each analyte in the channel catfish 

muscle tissue prior to dehydration. These concentrations were calculated based on the assumption 

that the ratio of wet to dry mass in the muscle tissue was 5.51. The number is the highest reported 

average value by Cresson et al. (2017). We used the highest ratio to determine if Pb and Cd were 

still above the recommended levels despite a high water content.  
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Analyte 

WHO/FAO 

Recommended 

(ppm) 

Catfish Average 

Concentration 

(ppm) 

Perch Average 

Concentration 

(ppm) 

Pb 1.0 2.97 1.02 (SD) 15.28 9.42 (SD) 

Cd 0.2 4.06 0.77 (SD) 4.59 0.85 (SD) 

Cu 40 64.19 7.98 (SD) 55.33 4.89 (SD) 

Fe 43 21.94 6.08 (SD) 10.79 7.13 (SD) 

Comparison between WHO/FAO Highest Permissible Level and 

Dehydrated Muscle Concentration 

Table 8. Shown above is a comparison between the WHO/FAO highest permissible levels and 

the concentration of heavy metals in dehydrated muscle tissue. In these calculations, any 

negative concentrations values were considered to be zero. The standard deviation (SD) of each 

analyte was calculated by taking the standard deviation of all the samples. It does not 

incorporate the error associated with each measurement. The average concentrations of Pb, Cd, 

and Cu are above the recommended levels for both species. However, it is important to consider 

that the WHO/FAO levels may be for the wet muscles tissue concentration as opposed to the 

dry. Comparing the average concentrations between catfish and perch, Pb and Cd were highest 

in yellow perch, and Cu and Fe were highest in channel catfish. Because of the standard 

deviations, the only significant difference between the two species is in the Pb concentrations.  
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Analyte 

WHO/FAO 

Recommended 

(ppm) 

Catfish Average 

Concentration 

(ppm) 

Perch Average 

Concentration 

(ppm) 

Pb 1.0 0.69 0.20 (SD) 4.22  2.62(SD) 

Cd 0.2 0.89 0.41 (SD) 1.27 0.20 (SD) 

Cu 40 17.73 2.27 (SD) 15.28 1.35 (SD) 

Fe 43 5.16 1.72 (SD) 2.98 1.90 (SD) 

Comparison between WHO/FAO Highest Permissible Level and 

Theoretical Low Water Content Concentration 

Table 9. Shown above is a comparison between the WHO/FAO highest permissible levels and 

the theoretical concentration of heavy metals in muscle tissue prior to dehydration. These 

concentrations were calculated using the 3.62 wet:dry ratio, which is on the low end of the 

water content range according to the findings of Cresson et al. (2017). The standard deviation 

(SD) of each analyte was calculated by taking the standard deviation of all the samples. It does 

not incorporate the error associated with each AAS measurement. In this table, the average 

concentrations of Pb in perch and Cd and Cu in both species are above the recommended levels. 

It is important to consider that this relationship is based on a low wet:dry ratio, so we speculate 

that the actual concentrations are greater than or equal to the ones shown above. Precise water 

content measurements in each sample are needed to calculate these values with more certainty. 

Comparing the average concentrations between catfish and perch, Pb and Cd were highest in 

yellow perch, and Cu and Fe were highest in channel catfish. Because of the standard 

deviations, the only significant difference between the two species is in the Pb concentrations.  
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Analyte 

WHO/FAO 

Recommended 

(ppm) 

Catfish Average 

Concentration 

(ppm) 

Perch Average 

Concentration 

(ppm) 

Pb 1.0 0.45 0.13 (SD) 2.77  1.72(SD) 

Cd 0.2 0.59 0.27 (SD) 0.83 0.15 (SD) 

Cu 40 11.65 1.49 (SD) 10.04 0.89 (SD) 

Fe 43 3.39 1.13 (SD) 1.96 1.25 (SD) 

Comparison between WHO/FAO Highest Permissible Level and 

Theoretical High Water Content Concentration 

Table 10. Shown above is a comparison between the WHO/FAO highest permissible levels 

and the theoretical concentration of heavy metals in muscle tissue prior to dehydration. These 

concentrations were calculated using the 5.51 wet:dry ratio, which is on the high end of the 

water content range according to the findings of Cresson et al. (2017). The standard deviation 

(SD) of each analyte was calculated by taking the standard deviation of all the samples. It does 

not incorporate the error associated with each measurement. In this table, the average 

concentrations of Pb in perch and Cd and Cu in both species are still above the recommended 

levels for both species. It is possible that this wet:dry ratio used in this calculation was lower 

than the actual, but if it is, we do not speculate it would be high enough to bring these 

concentrations below the permissible levels. Precise water content measurements in each 

sample are needed to calculate these values with more certainty. Comparing the average 

concentrations between catfish and perch, Pb and Cd were highest in yellow perch, and Cu and 

Fe were highest in channel catfish. Because of the standard deviations, the only significant 

difference between the two species is in the Pb concentrations.  



17 
 

  

 

 

 

 

 

 

 

  

  

0

10

20

30

40

50

0 1 2 3 4 5 6

C
u

 (
p

p
m

)

Cu in Channel Catfish

0

10

20

30

40

50

0 1 2 3 4 5 6

C
u

 (
p

p
m

)

Cu in Yellow Perch

Lake

River

Figure 1. Shown above are the concentrations of Cu and Fe in yellow perch (left side) and channel catfish 

(right side). These concentrations were calculated using the low water content calculation. For these two 

metals, there appears to be no significant difference between the concentration and neither the sample 

location nor the species of fish. Perch samples were split up into lake and river locations to determine if 

the metal concentration may be affected by the source location. No trends were observed between Cu and 

Fe concentrations and the source of the fish or fish species. The red lines represent the WHO/FAO highest 

permissible level. Neither of these metals were above the recommended levels for either species. 

*Locations from West to East are as follows - HSP: Holland State Park, BR: Boat Ramp, AM: Anchorage Marina, 

KP: Kollen Park, DP: Dunton Park, and WI: Windmill Island.  
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Figure 2. Shown above are the concentrations of Cu and Fe in yellow perch (left side) and channel catfish (right 

side). These concentrations were calculated using the low water content calculation. The red lines represent the 

WHO/FAO highest permissible level. For these two metals, the only concentration below the WHO/FAO 

permissible level was Pb in catfish by a slight margin. Perch samples were split up into lake and river locations to 

determine if the metal concentration may be affected by the source location. It was observed that there was no Pb 

detected in the river perch, and the Pb in the Lake Macatawa perch was significantly higher than the recommended 

levels. 

*Locations from West to East are as follows - HSP: Holland State Park, BR: Boat Ramp, AM: Anchorage Marina, KP: 

Kollen Park, DP: Dunton Park, and WI: Windmill Island.  
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Figure 3. Shown above are plots of the heavy metal concentrations of channel catfish (left) and yellow perch 

(right) against the length of the fish. The only potential trend that we have observed is the positive 

relationship of Cd of channel catfish. However, the largest fish has a lower concentration of Cd then the 

previous. It is important to consider that the fish used in this correlation are from various locations throughout 

the study area, so their level of exposure to metals may not be consistent. A larger sample size is necessary 

to bring out any other trends. The red line in these charts represent the WHO/FAO highest permissible limit. 

It is not shown in the Fe chart, because it is much higher than the bound of the vertical axis. 
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